According to the reclassification of lung adenocarcinoma (LAC) proposed in 2011, solid predominant lung adenocarcinoma (SPA) has been associated with poor outcomes for LAC patients. However, the prognostic value of the presence of solid subtype remains unclear. Besides, there is little data about the roles of microRNA (miRNA) in solid subtype of LAC. In this study, 243 LAC patients were classified into solid subtype positive and negative groups (S+ LAC, n=134 and S-LAC, n=109) according to whether the solid subtype was more than 5% of the tumor component or not. We analyzed the relationship between solid subtype and patients' outcome by univariate and multivariate analyses. Solid subtype was proved to be significantly associated with the 5-year overall survival and played as an independent prognostic factor for stage I-III invasive LAC patients. Then miRNA microarray was used to identify differentially expressed miRNAs in solid subtype, resulting in 31 differential miRNAs. Quantitative reverse transcription-PCR (QRT-PCR) was used to validate 4 key miRNAs (miR-133b, miR-155-5p, miR-124-3p, miR-145-5p). Further, CCK-8 and transwell assays were performed to validate the impact of one dysregulated miRNA (miR-133b) on LAC cell function. Interestingly, while miR-133b could significantly inhibit the proliferation of A549 and SPC-A1, it showed no effect on the migration or invasion of LAC cell lines. These results suggest that solid subtype can exert independent prognostic impact on LAC patients, and 4 important dysregulated miRNAs in solid subtype of LAC may be involved in the malignancy of S+LAC, thus may further have clinical perspective for S+ LAC in the future.
Introduction
Lung cancer is a deadly disease with the highest incidence and mortality among all cancers worldwide, and lung adenocarcinoma (LAC) is the most common histologic type [1, 2] . Five main subtypes of LAC are defined according to reclassification system proposed by the International
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Association for the Study of Lung Cancer (IASLC)/American Thoracic Society (ATS)/European Respiratory Society (ERS) in 2011 [3] . Of these subtypes, solid predominant adenocarcinoma (SPA) and micropapillary predominant adenocarcinoma (MPA) have been reported to be associated with poor prognosis [4] [5] [6] [7] [8] [9] . However, no consensus exists regarding the true impact of these subtypes [10] [11] [12] [13] . While most reports focus on the overall prognosis of LAC, we decide to investigate the relationship between the presence of the solid subtype and patient survival as it remains controversial whether the solid subtype component has independent prognostic value for patients with LAC [7, 11, 14] .
The molecular heterogeneity of LAC is well documented, with a growing number of reports addressing the intra-tumor heterogeneity of LAC driver mutations among different predominant subtypes, including mutations in KRAS, EGFR, HER2, ALK, ROS1, and RET [5, [15] [16] [17] [18] [19] . However, little is known to date about the role of microRNAs (miRNAs) in invasive LAC. Significant effort is required to elucidate the possible role of miRNAs in the subtypes of LAC and their value for risk stratification and prognosis [3] . MiRNAs are a group of small (22-25bp) , endogenous, and conserved noncoding RNAs that regulate gene transcription through binding to the 3'UTR or 5'UTR of their target mRNAs [20, 21] and they have been demonstrated to be involved in various human cancers [22] [23] [24] . Notably, differential miRNA expression has been reported to be significantly associated with mutational status [25] , subtypes of non-small cell lung cancer (NSCLC) [26, 27] , and clinicopathologic features [26] , thus has the potential to be of great value in the diagnosis and prognosis of lung cancer [28, 29] .
In this study, we analyzed the independent prognostic impact of the presence of solid subtype on the 5-year overall survival (5-year OS) of stage I-III Han Chinese patients with LAC, as well as the correlation between the solid subtype and clinicopathologic features such as smoking status and stage. Next, miRNA microarray and QRT-PCR studies were performed on solid subtype tumors and paired normal tissue samples to identify 4 significantly dysregulated miRNAs that may play key roles in the pathogenesis of solid subtype. The contribution to the malignant phenotype of one dysregulated miRNA, miR-133b, was validated in LAC cell lines using cellular assays. As far as we know, this is the first study to identify dysregulated miRNAs in solid subtype of invasive LAC.
Materials and Methods

Patients
We retrospectively selected 255 primary LAC patients (stage I-III) who underwent surgical resection from 2009 to 2012 at West China Hospital, Sichuan University. All patients had no chemo-or radiotherapy before surgery. Corresponding clinicopathologic features were collected including sex, age at diagnosis, smoking status, clinical stage (according to the 7th edition TNM classification by IASLC), maximum tumor diameter (MTD), bronchial stump (positive or negative).
Histologic Evaluation
All cases were histologically reclassified based on the criteria established by IASLC/ATS/ERS in 2011. The percentage of each subtype (lepidic, acinar, solid, papillary, micropapillary, and variants, Figure  1 ) was semi-quantitatively assessed and recorded in 5% increments. The predominant subtype was defined as the subtype with the largest percentage. 243 cases were classified into solid subtype positive and negative LAC (S+ LAC, n=134 and S-LAC, n=109) according to whether the solid subtype was more than 5% of the tumor component or not.
Two pathologists (W. Wy and J. Ll) reviewed the hematoxylin and eosin (H&E)-stained pathologic slides for each case individually and were blinded to the patients' outcome and clinical stage. For controversial cases, the reviewers used a double-headed microscope to reach a consensus.
Tissues and cells
To get relatively pure sample of solid subtype, we collected a total of 279 primary LACs tissues that were stored in liquid nitrogen by Biobank of West China Hospital. All samples were used to produce formalin-fixed paran-embedded (FFPE) samples for further histological evaluation. 26 LAC FFPE samples with the pure solid subtype were isolated together with paired adjacent normal FFPE samples. Ethics approval was obtained from Ethics Committee at West China Hospital of Sichuan University for the use of these samples.
Human LAC cell lines A549 and SPC-A1 were both obtained from American type culture collection (ATCC, USA), grown in RPMI 1640 medium (Hyclone, USA) with 10% FBS (BI, Israel), and incubated at 5% CO2 at 37℃.
RNA extraction
Total RNA from FFPE samples was extracted using RecoverAll™ Total Nucleic Acid Isolation Kit (Ambion-1975, USA) according to the manufacturer's specifications. Trizol reagent (Invitrogen, Carlsbad, CA) was used to extract total RNA from cells. The yield of RNA was determined by a NanoDrop 2000 spectrophotometer (Thermo Scientific, USA), and the integrity of the extracted RNA was evaluated using agarose gel electrophoresis stained with ethidium bromide.
MicroRNA microarray
MiRNA microarray was performed following the manufacturer's protocol to screen the differential miRNA expression profile between solid subtype and adjacent normal tissue samples in 5 pairs of FFPE samples. Briefly, for all samples, total RNA was subjected to Poly A tailing and labeled with biotin by FlashTag Biotin HSR RNA Labeling Kit (Affymetrix, USA). Hybridization was then performed using the Affymetrix GeneChip miRNA 4.0, which contains 2578 human mature miRNAs probe sets (miRbase 20.0). Hybridization signals were produced using the Affymetrix Command Console Software (Affymetrix, USA). Raw data were normalized by the Robust Multichip Average (RMA) algorithm. Then the Linear Models for Microarray Data (LIMMA) algorithm was used to calculate the p value, FDR, and log2|Fold Change| between tumor and normal samples, and differentially expressed miRNAs were defined as those with a FDR<0.05 and log2|Fold Change|>3 or log2|Fold Change|<-3
Real-Time Quantitative Reverse-Transcription Polymerase Chain Reaction (QRT-PCR)
QRT-PCR was used to validate the differential expression between solid subtype and adjacent normal tissue for 4 miRNAs (miR-133b, miR-145-5p, miR-124-3p, miR-155-5p) in 26 pairs of samples, including the 5 pairs used in the microarray assay. Briefly, quantification was performed with a two-step reaction process: reverse transcription (RT) to generate the cDNA, and qPCR to quantify each miRNA. The latter was performed on a LightCycler® 480 II Real-time PCR Instrument (Roche, Swiss) using LightCycler® 480 SYBR Green I Master Mix (Roche, Swiss), with a universal primer (Qiagen, Germany) and microRNA-specific primers (Table 1) . QPCR parameters were: 95℃ for 10 min, followed by 40 cycles of 95℃ for 10 s, 60℃ for 30 s. Each sample was run in triplicate. At the end of the PCR cycles, melting curve analysis was performed to validate the specific generation of the expected PCR product. The expression levels of microRNAs were normalized to U6 and were calculated using the 2 -ΔΔ Ct method [30] . 
Cell transfection
The LAC cell lines A549 and SPC-A1 were seeded into six-well plates (2×10 5 or 5×10 5 separately) and grown to a suitable cell confluence. 24 hours later, miR-133b mimic (miR-133) and miRNA negative control (miR-NC) (Ribobio, China) were both transfected using the RiboFECT TM CP reagent (Ribobio, China) following the manufacturer's instructions. The final concentration of miR-133b or miR-NC was 100nM. Another miRNA mimic negative control labeled with FAM (miR-NC-FAM) (Ribobio, China) was used to assess the transfection efficiency.
Cell proliferation assay
The proliferation viability of A549 and SPC-A1 were evaluated by Cell Counting Kit-8 (CCK-8) (Dojindo, Japan). Cells were seeded at 1×10 3 /well (A549) or 3×10 3 /well (SPC-A1) into 96 plates, then transfected with miR-133b or miR-NC after incubating overnight. 48 hours later, 10μl of CCK8 was added into each well and incubated at 37°C for 2 hours. The plates were read on a robust microplate reader (Multiskan MK3, Thermo Scientific, USA) at a wavelength of 450nm. Absorbance values were normalized to media control.
Cell migration assay
24 hours after transfection, cells were trypsinized and counted to seed (2×10 4 for A549 and 4×10 4 for SPC-A1) into the upper chamber of the transwell (8μm pore size; Costar, USA), with 200μl of serum-free medium added into the top and 600μl of full medium added into the bottom of each well respectively. After incubation at 37°C in 5% CO 2 for 24h, cells still on the upper surface of the chamber were removed, and the cells that migrated through the membrane were fixed by methanol and stained with crystal violet to assess the cell number.
Cell invasion assay
The procedure of the cell invasion assay was similar to that of the cell migration assay, with the addition that the filter was precoated for 4h with 50μl of Matrigel (BD, USA) diluted five-fold with serum-free medium.
Statistical analysis
Correlation between two categorical parameters was analyzed by the χ 2 test or the Fisher's exact test depending on the number of cells present. The Kaplan-Meier method was applied to estimate the differences in survival using the log-rank test. A Cox regression model was used for the multivariate analysis. For QRT-PCR, paired Wilcoxon's rank test was used to compare the differential expression of specific miRNAs and generate a p-value. For cellular experiments, data were expressed as means ± standard deviation (SD), and statistical significance was analyzed by one-way ANOVA or a two-tailed Student's t test. All the statistical analyses were completed by SPSS 21.0 (SPSS Inc., Chicago, IL, USA), and a p-value of <0.05 was considered significant.
Results
Patient Characteristics
The clinicopathologic characteristics of the 255 LAC cases used in our study, including age, sex, smoking status, the maximum tumor diameter (MTD), bronchial stump, and TNM stage are depicted in LACs, resulting in 6 predominant subtypes ( 
Survival analysis
As mentioned above, 243 patients covering the 4 most common LAC subtypes according to IASLC/ATS/ERS reclassification were analyzed for overall survival using a Kaplan-Meier survival analysis. Data showed that the predominant subtype of LAC were significantly associated with overall survival (p=0.009). While APA (n=74) and PPA (n=67) both have a relative moderate impact on patients' survival (with the 5-year OS being 50.8% and 45.2% respectively), LPA (n=30) represents the most favorable subtype and SPA (n=68) the least favorable subtype (with the 5-year OS being 77.5% and 33.5% respectively).
We then evaluated the extent of solid component on clinical outcome of the SPA group. Of all 68 SPA patients, there were 14 cases considered as with the pure solid subtype, with less than 5% of other subtypes. However, Kaplan-Meier analysis showed no significant difference between the pure solid subtype cases and other SPA cases (p=0.852).
To better understand the relationship between the presence of solid subtype and prognosis, as well as other clinical parameters, the 243 cases were further classified into two groups (S+ LAC, n=134; S-LAC, n=109) according to whether the solid subtype was more than 5% of the tumor component or not ( Table  3 ). The presence of solid subtype was associated with poor outcome by univariate analysis. The solid subtype positive LACs (S+ LAC) had a 5-year OS of 40.3% compared with 5-year OS of 53.4% for the solid subtype negative LAC (S-LAC) (p = 0.010). In addition, MTD, clinical stage, and invasion of the bronchial stump was significantly associated with patient survival by univariate analysis, while sex, age, and smoking status was not significantly associated with survival (Table 4, Figure 2) .
When considering the influence of MTD, clinical stage, bronchial stump, multivariate analysis demonstrated that the presence of solid subtype, as well as clinical stage, bronchial stump, could exert independent prognosis on the 5-year OS of LAC patients (Table 4) .
Correlation between the presence of solid subtype and other clinicopathologic features
As demonstrated in Table 3 , the presence of the solid LAC subtype was significantly positively correlated with the smoking status and clinical stage of LAC patients. Other clinical characteristics were not shown to be significantly correlated with the presence of the solid subtype. 
Differential miRNA expression profiles between solid subtype and paired normal tissues
To further investigate the possible role of miRNAs in the solid subtype of LACs, we analyzed miRNAs expression profiles of 5 pairs of solid pure LAC (100% solid subtype) clinical samples and corresponding noncancerous tissues from Biobank of West China Hospital. miRNAs differentially expressed in the solid subtype of LACs were identified using the adjacent normal tissues as a comparison. Candidate miRNAs were those with a log2 |fold change| greater than 3 or smaller than -3, together with a FDR smaller than 0.05. Using this strict criteria, we identified 31 miRNAs that had significantly different expression levels in solid subtype of LAC compared with normal tissue, including 8 upregulated miRNAs and 23 downregulated miRNAs (Figure 3 ). Of these, several have previously been reported to be dysregulated in cancer. For example, miR-145-5p was identified as a tumor suppressor in many cancers, including our previous work to investigate its possible role in the metastasis of LAC [31] . Other miRNAs identified here that have been associated with cancer pathogenesis in other studies include miR-328-3p, miR-375, miR-99a-5p, miR-200c-3p, miR-15a-5p, miR-124-3p,  miR-133b, miR-206, miR-214-3p, and miR-155-5p . Notably, miR-155-5p has previously been described as an onco-miRNA associated with LAC patient's survival [28] . However, there are also novel, differentially expressed miRNAs that had never before been identified as differentially expressed associated in malignancy, including miR-629.5p, miR-4428, miR-4647, and miR-8078. 
Bioinformatics analysis
To focus on key miRNAs most likely to play significant roles in the carcinogenesis of the solid subtype of LAC, miRTarbase was used to analyze the validated target genes of the 31 dysregulated miRNAs [32] . We found that these miRNAs target many cancer-associated genes including EGFR, KRAS, HRAS, ERBB2, CDKN2A, and PTEN. According to driver mutations previously reported in lung cancer, the miRNA-mRNA interaction for 4 key miRNAs was visualized by the open-source bioinformatics software platform Cytoscape (www.cytoscape.org) ( Figure 4A ).
MiRNA validation by QRT-PCR
To verify the accuracy and robustness of the differential expression of miRNAs identified by microarray, expression levels of 4 key miRNAs (miR-145-5p, miR-133b, miR-124-3p, miR-155-5p) were validated using QRT-PCR with an enlarged sample size (n=26), including the 5 pairs used for the microarrays. The significance of differential expression levels of these 4 miRNAs was confirmed with a paired Wilcoxon rank test. Generally, the differential expressions of the 4 miRNAs were consistent with the microarray results, except for variation in the fold difference in expression. As shown in Figure 4B , miR-133b and miR-124-3p were both downregulated in the solid subtype of LAC compared with adjacent normal tissue samples by more than 2-fold (p<0.001, p<0.05 respectively), and miR-145-5p expression was also proved to be significantly reduced in solid subtype of LAC (p<0.05), although with only a 1.5-fold decrease. The up-regulation of miR-155-5p was also verified in cancer tissue samples compared with paired normal tissue samples (p<0.05), with a fold change >2.
Overexpression of miR-133b suppresses the proliferation of LAC cell lines in vitro
Given these QRT-PCR results, we hypothesized that these 4 key miRNAs likely act as onco-miRNAs or tumor suppressor miRNAs in the carcinogenesis of the solid subtype of LAC. We thus investigated the impact of these miRNAs on the malignant phenotype of LAC. In order to determine the effect of miR-133b on the proliferation viability of LAC cell lines, we utilized CCK8 assays with the LAC cell lines A549 and SPC-A1. miR-133b was overexpressed via transfection of miR-133b mimic. Transfection efficiency was evaluated by miR-NC-FAM ( Figure  5A ) and QRT-PCR (data not shown). After 48h, CCK8 assays demonstrated decreased proliferation of A549 and SPC-A1 cells overexpressing miR-133b compared with cells transfected with the negative control (miR-NC) or blanks ( Figure 5B) . Compared with the miR-NC group, the proliferation rate in the miR-133b group of A549 and SPC-A1 was decreased by 15.4% and 22.4%, respectively (p<0.05 for each).
Overexpression of miR-133b did not repress the migration and invasion of LAC cell lines
Migration and invasion are key steps in metastasis that represent an advanced clinical stage of many malignant cancers. To shed light on the possible role of miR-133b in the migration and invasion of LAC cell lines, transwell assays were performed. However, we did not observe any significant effect on the migration and invasion of A549 and SPC-A1 by overexpression of miR-133b (data not shown). The transfection rate of miR-133b was evaluated by a FAM reporter assay using the miR-NC-FAM; (B)CCK-8 assay showed decreased proliferation viability of A549 and SPC-A1 in the miR-133b transfected group compared with miR-NC or blank groups.The OD values were checked 48h after transfection and were normalized to media control. Data are shown as mean OD ± SD from 3 independent experiments. p<0.05 significance was analyzed by one-way ANOVA.
Discussion
As a hallmark of cancer, genome instability [33] generates a variety of mutations to produce subpopulations of cells for Darwinian selection in a given microenvironment, resulting in both inter-and intra-tumor heterogeneity [34, 35] . Despite intense research by high-throughput genetic and genomic technologies in the past several years, tumor heterogeneity still represents a major challenge for personalized-medicine and biomarker development [36] .
An important aspect of LAC prognostication specifically remains the histological heterogeneity and resultant subtypes of LAC. In 2011, the new IASLC/ATS/ERS classification system recommended that pathologists assess the most predominant subtype by a 5% increment in mixed LAC. The prognostic value of the predominant subtype of LAC has been well documented [5, 9, 37] . In the present study, univariate analysis validated the prognostic value of LAC predominant subtype in 243 Han Chinese patients with LAC. In accordance with most of the previous studies, we found that SPA had the lowest 5-year OS (33.5%) among the 4 most common predominant subtypes, followed by PPA (45.2%) and APA (50.8%). LPA was the most favorable predominant subtype with a 5-year OS of 77.5%, suggesting clinical utility of this classification system for Chinese patients.
We further explored the prognostic impact of solid subtype by regrouping the patients into S+ LAC group and the S-LAC group. Kaplan-Meier analysis showed that the presence of the solid subtype was a statistically significant risk factor for poor OS, i.e., the S+ LAC group and the S-LAC group each had a 5-year OS of 40.3% and 53.4% separately. This finding differed from a report by Cha et al. [10] , who enrolled a cohort of Korea patients. However, another study of Chinese LAC patients came to the similar conclusion to our study [38] , suggesting the possibility of ethnic or treatment differences. Besides subtype, Kaplan-Meier survival analysis also showed a significant association of 5-year OS with clinical stage, bronchial stump, and MTD in our study.
A Cox regression model incorporating solid subtype, clinical stage, bronchial stump, and MTD revealed an independent negative prognostic value of the presence of the solid LAC subtype. In addition, we found a significant correlation between the presence of solid subtype, smoking status and clinical stage.
MiRNAs have been one hotspot of investigation for various cancers in recent years, which prompted us to elucidate the possible role of important miRNAs in the pathogenesis of the solid subtype of LAC. We hoped this would help shed light on the relatively poor survival of patients with this subtype. To understand the molecular mechanisms, we compared miRNA expression profiles between 5 pairs of pure solid subtype clinical samples and paired adjacent normal samples to identify 31 dysregulated miRNAs, including 8 upregulated and 23 downregulated miRNAs. Expression levels of 4 of these miRNAs, identified by an informatics analysis as likely to play a pivotal role in carcinogenesis, were confirmed via QRT-PCR, showing miR-133b, miR-124-3p and miR-145-5p had significantly lower expression while miR-155-5p demonstrated increased expression in the solid LAC subtype.
Interestingly, the dysregulation of each of these miRNAs has been previously documented in human cancers. MiR-145 has been shown to be downregulated in prostate [39] , colon, and ovarian cancer [40] , while miR-155-5p has been shown to be upregulated in LAC [28] and B cell lymphomas [41] . However, to our knowledge, our study is the first to examine the differential expression of miRNAs at the subtype level of LAC.
That miRNAs may affect tumor phenotype via cell functions including proliferation, invasion, migration, cell apoptosis, and cell autophagy is well known. Thus we further performed cellular assays to investigate the possible role of one down regulated miRNA, miR-133b. In previous studies, miR-133b was reported to be a tumor suppressor in bladder cancer [42] , esophageal squamous cell carcinoma [43] , colorectal cancer [44] , and gastric cancer [45] . In contrast, in cervical carcinoma miR-133b has been reported to act as an onco-miRNA to promote tumorigenesis and metastasis [46] . In the present study, we found miR-133b could significantly inhibit the proliferation of LAC cell lines A549 and SPC-A1 in vitro, but appeared to have no effect on the migration and invasion of these cell lines.
There are several limitations to our study. First, data on disease free survival are lacking. Second, cases of MPA and VPA were excluded due to their small numbers, then a larger cohort will be required to more thoroughly investigate the prognostic role of those subtypes. Finally, a larger cohort size is needed to verify the differential expression of these miRNAs and to elucidate their clinical relevance for S+ LAC patients.
In summary, the presence of solid subtype may act as an independent negative prognostic factor incorporating with MTD, bronchial stump and clinical stage. 4 miRNAs including miR-133b, miR-124-3p, miR-145-5p and miR-155-5p are dysregulated in solid subtype of LAC, and thus may be associated with the poor outcome of S+ LAC. One dysregulated miRNA, MiR-133b, can suppress the cell proliferation of LAC cell lines, but had no significant effect on LAC migration and invasion in vitro.
